Certain synthetic processes of a stable L-form and its parent streptococcus were compared to examine whether conversion was accompanied by significant alterations in the growth pattern. DNA and RNA were isolated from the streptococcus and its derived L-form, degraded, and molar base ratios measured and compared. Conversion to the L-form apparently did not result in a disturbance of synthetic processes related to DNA and RNA rates of syntheses and growth measured by extinction of cultures, colony count and dry weight increases. The stable L-form, although almost twice as slow growing, as compared with the streptococcus, retained the ability to function in an orderly manner and was capable of balanced growth. Conversion from streptococcus to L-form did not result in an addition to the DNA base complement (5-methylcytosine, 5-hydroxymethylcytosine) nor in a quantitative alteration in the molar base ratio of either nucleic acid in the resulting L-form. The disorganization in L-form division characteristic of L-form growth was not directly related to an obvious disturbance in any of the parameters examined.
INTRODUCTION
It has always been recognized that L-forms grow slower, display a smaller maximal growth response and result in yields of organisms (dry weight) appreciably lower than those of the parent bacterial form from which they are derived. Microscopically, the extreme diversity of sizes of the large bodies which comprise the structural components of the L-form, and the complete lack of morphological similarity to the parent bacterial form, suggest that a permanent disorganization in cellular division has also occurred after conversion to the L-form. A stable L-form was found to possess altered physical, structural and metabolic properties following its derivation from a group A streptococcus (Panos, 1 9 6 4~) . However, biochemical information about the growth pattern of this L-form is lacking. It has been shown by Schaechter, Maalee & Kjeldgaard (1958) that Salmonella typhimzcrizcm can exist in one of a number of possible stable physiological states under conditions of balanced growth; similar information for the L-form considered here was lacking. The present work was undertaken to examine whether alterations in the synthetic processes (i.e. balanced growth) underlying the growth of the L-form had occurred after its conversion from the bacterial form. Part of these results were reported in preliminary form (Panos, 1964 
b).
The group A streptococcus and its derived stable L-form were the same as that used previously (Panos, 1962) . This non-pathogenic group A, type 12 p-haemolytic streptococcus, lacking M protein, has been successfully typed by its T antigen (W. Hijmans, personal communication). The medium and growth conditions for each of these organisms were described by Panos & Barkulis (1959). Identical results were obtained with the stable (i.e. not reverting to the bacterial form) L-form when it was grown in the presence and in the absence of penicillin. Five 1. medium were inoculated with 5 or 10% (v/v) overnight inoculum of the streptococcus or its L-form, respectively, and 0.3 1. of culture removed at intervals for analyses. L colony counts were made as previously described (Panos, Barkulis & Hayashi, 1960) . Growth was followed by measuring the increase in extinction a t 660 mp (&so) in a Beckman DU spectrophotometer. Organisms were harvested and washed as described by Panos, Barkulis & Hayashi (1959) . For dry weight determinations, portions of washed suspensions of organisms were pipetted into tared beakers, dried (goo), placed over P,O, and NaOH and weighed. Since the L-form organism is osmotically fragile, the L-form content of L-form + NaCl preparations was determined by weight difference and/or by determinations of nitrogen (Kjeldahl).
Before nucleic acid analyses, the organisms were extracted with 5 yo (w/v) Figure 1 illustrates the yo nucleic acid of the L-form organism and its parent streptococcus. The arrows indicate the prevailing concentrations during the respective logarithmic growth periods. The DNA content remained relatively constant for both organisms over the period examined. The RNA content reached a maximum of 20.6y0 for the streptococcus and only 13% for the L-form. The cellular dry-weight yields increased proportionally during logarithmic growth for both organisms. From extinction EssO of 0*050-0.300, the yields were 1*8-11*5 mg. and 2.6-15*4 mg./100 ml. medium respectively for the L-form and the streptococcus. The RNA/DNA ratio of the L-form changed as the cellular mass increased throughout most of logarithmic growth, as can be calculated from the data in Fig. 1 and the dry-weight yields cited. The maximal RNA/ DNA ratio reached within the L-form was about one-half that of the parent streptococcus. Since DNA/unit mass remained relatively constant in both organisms, the changes in these ratios were mostly the result of alterations in the RNA content/unit mass. In earlier work ) done with cultures considerably beyond their logarithmic growth periods, RNA/DNA ratios were found t o be lower, 4.1 : 1 for the streptococcus and 4.6: 1 for the L-form. Although the (---) and the parent streptococcus (-) .
RESULTS
Arrows indicate concentrations during logarithmic growth phases. Cellular growth rate (doubling time): 50 and 80 min. for the streptococcus and L-form, respectively.
DNA content of these older organisms agrees closely with those of logarithmically growing L-forms and streptococci, the RNA/DNA ratio was double (10 : 1) in the logarithmically growing streptococci. The logarithmically growing L-forms showed only a slight increase in their RNA/DNA ratio over that of older organisms. Figure 2 shows that increases in the rates of nucleic acid syntheses, extinction and colony counts paralleled each other during logarithmic growth of the L-form and of the parent streptococcus. The colony count data show that an increase in numbers of L-form bodies had occurred. A definition of 'growth' in terms of an increase in mass in place of an increase in numbers has already been used in protoplast investigations (Shockman & Lampen, 1962) . The rates of nucleic acid syntheses observed were much lower in the L-form. Over a comparable increase in extinction during the logarithmic growth period, the maximum amount of DNA synthesized by the L-form was about 66% of that of the streptococcus. Similarly, the maximum amount of RNA synthesized by the L-form was one-half that of the streptococcus. Although not illustrated, the stationary phase of growth was usually attained at an organisms. No 5-methylcytosine or 5-hydroxymethylcytosine was observed in the DNA base complements from either organism. Failure to disrupt the streptococcus before these determinations by either of the methods mentioned (see Methods) prevented complete extraction of the nucleic acids and led to inconsistent results. The DNA base composition of the parent streptococcus agrees closely with values previously published for Streptococcus pyogenes. The doubling times for each of the parameters studied were obtained from semilogarithmic plots of the respective data; these are tabulated in Table 3 . These doubling times were found to be greater for the L-form, and revealed a marked decrease in the rates of the cellular processes examined as compared with those of the streptococcus. 
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DISCUSSION
Much information has accumulated about the biochemistry of bacterial L-forms. With regard to the stable streptococcal L-form used in the present work, it has been found that changes have occurred at the subcellular level (Panos, 1962;  Edwards & Panos, 1962) but that, for example, the vitamin requirements have remained unaffected following derivation from the parent streptococcus (Panos & Hynes, 1964) . There is little in the literature, however, about the growth physiology of coccal L-forms which lack the rigid bacterial cell wall. As is apparent from Fig. 1 , the RNA content of this osmotically protected and structurally intact L-form does not approach that of the parent streptococcus. Since protein synthesis is related to RNA content, the proportional decrease in mass (i.e. protein synthesis) RNA content, as well as the decreased growth rate (Fig. 2) , show that this relation has not been obviously disturbed by conversion of the streptococcus to an L-form. For Escherichia coli it has been shown that the soluble RNA/DNA ratio is a constant irrespective of the growth rate; the ribosomal RNA/DNA ratio, however, increases proportionally with the growth rate (Kjeldgaard & Kurland, 1963) . It is not known whether the decreased growth rate of the fragile streptococcal L-form represents an alteration in the ribosomal RNA content or is a manifestation of a less efficient ribosomal protein-synthesizing system. The RNA content during the stationary growth phase of each organism was not examined.
It has been shown that cellular DNA content has a tendency to remain nearly constant under different experimental conditions which affect bacterial c. PANOS growth rate. The derived L-form examined here displayed a decreased rate of DNA synthesis; the total cellular DNA content, as compared with the parent streptococcus, was nearly the same and was not affected by the inability of the L-form to synthesize the rigid bacterial cell wall.
The present results show some differences from those of Weibull & Beckman (1960) for Proteus vulgaris and an L-form derived from it. The RNA content of both the Proteus and its L-form increased during early growth, followed by an abrupt and continuous decrease over the remainder of their growth cycles ; also, there was no major difference between the growth rate and RNA content of the parent Proteus and its L-form. In contrast to their results, the RNA content of the streptococcus and its L-form studied here, while also increasing sharply, did not decrease but remained relatively constant once it had attained its maximum. Similarly, an appreciably slower growth rate ( Table 3 ) and lower RNA content ( Fig. 1) were observed for the L-form as compared with its parent streptococcus. The lower RNA content found in the streptococcal L-form is in agreement with a similar finding for a Proteus L-form by Kandler, Zehender & Muller (1956) and Vendrely & Tulasne (1953). Weibull & Beckman (1960) suggested that the difference in the RNA content of their L-form from that found by Kandler et al. (1956) and Vendrely & Tulasne (1953) might have been due to the latter authors having used L-form material '. . .consisting to a large degree of vesicles apparently more or less empty'. In the present work very few such 'empty' vesicles were observed, yet the RNA content of the L-form was lower than that of the parent streptococcus (Fig. 1) .
The data presented here illustrate that in a nutritional medium similar to that of the parent streptococcus, conversion to the L-form apparently did not result in a disturbance of any of the synthetic processes underlying cellular perpetuation which were studied. The resulting L-form, although almost twice as slow in its rate of growth, continued to retain the ability to function in an orderly manner and was capable of balanced growth. These findings mimic the balanced growth results of Schaechter et al. (1958) with SalmoneZZa typhimurium grown in a variety of media, from nutritionally complex to chemically defined. With the L-form used here, however, this decrease is associated with the permanent loss of ability to synthesize cell wall. Although our previous results suggest that conversion to the stable L-form results in a permanent disorganization of the cellular division process, these results could not be directly related to an obvious disturbance in any of the parameters examined; this suggests that the division process is probably distinct from that of balanced growth.
The DNA base findings given here represent the first such comparisons between a streptococcus and a derived stable L-form. No alterations were observed in an addition to the DNA base complement (5-methylcytosine, 5-hydroxymethylcytosine), nor in a quantitative alteration in the molar base ratios of DNA or RNA, on conversion to the L-form. The DNA from each source is of the 'AT-type', containing more adenine and thymine than guanine and cytosine; guanine was found to equal cytosine and adenine to equal thymine. In a similar study of a pleuropneumonia-like organism (PPLO), Lynn & Smith (1957) observed that although the DNA base complement was of the 'AT-type', guanine was not equivalent to cytosine nor was adenine equal to thymine. The DNA purine/pyrimidine (Pu/Py) ratio was 0.98 for the streptococcal L-form examined in the present work as compared with 0.86 for the PPLO.
The present RNA results are in accord with those of Mandel & Sensenbrenner (1958) for Proteus vulgaris and an L-form derived from it. In both instances, no apparent differences were noted in the RNA base composition of these L-forms as compared with their parent bacteria. The pentose nucleic acid of the present streptococcal L-form is of the ' GC-type ', containing more guanine + cytosine than adenine+uracil. The RNA Pu/Py ratio from the PPLO (also a 'GC-type') studied by Lynn & Smith (1957) was 0.98 as compared with 1-15 for the present streptococcal L-form.
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